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In boxing, the wrong training methods can easily cause physical injury, so many
sports protective clothing will use new materials to reduce the impact of boxing
training. The aim of this paper is to design a boxing suit based on graphene
composite fiber seamless knitted fabric, so as to reduce the injury of boxers during
training. In this paper, the head yarn, inner yarn and knitting structure of graphene
composite fiber seamless knitted fabrics are discussed, and nine kinds of fabrics
are determined by orthogonal matrix method; then, a comprehensive evaluation
of the wear resistance of fabrics was proposed based on sequence entropy weight
technology, and the ideal solution similarity (TOPSIS) method was used to
calculate the wear resistance; finally, this paper designed the boxing protective
suit according to the best combination of performance. The experimental results
in this paper showed that the veil of sample No. 7 is 70D/48F graphene nylon, the
inner yarn is 30D graphene spandex/70D graphene nylon covered yarn, and the
fabric with the knitted structure of 1 + 3 false rib has the best comprehensive
performance and the highest relative proximity, reaching 0.862. The actual
wearing test proves that the comfort of anti-impact boxing suit is slightly
better than that of ordinary boxing suit. The clothing designed in this paper
has good anti-impact effect. Therefore, on the whole, the boxing suit with
graphene composite fiber seamless knitted fabric has good protective effect
and can be used for boxing training.

KEYWORDS

graphene composite fiber, seamless knitted fabric, boxing training, composite fiber
performance research, boxing protective clothing

1 Introduction

Sports injury refers to the damage to the human body’s tissues and organ structures, or
the dysfunction of the body due to mechanical, physical and other reasons during or after
exercise. In short, it is the physical injury caused by sports. With the rapid development of
sports, especially competitive sports, sports injury accidents are increasing day by day, and
the causes are complex and diverse, so they are very common in mass sports and competitive
sports. The health hazards of sports injuries to athletes cannot be ignored. It not only has a
high incidence rate, but also causes serious damage to the muscles, bones, and organs of the
human body. Severe cases would endanger the sports life of athletes, and may even threaten
the lives of athletes (Jin et al., 2020; Wei et al., 2022). Especially in boxing, the rules of free
fighting and the power of punching to the flesh make sports injuries more common in
boxing.

At present, the research on sports protective equipment is mainly based on protective
gear. When athletes perform vigorous and fast sports activities, they often need to wear
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protective gear in order to prevent the body from being seriously
injured by impact. However, in addition to these intense and high-
speed sports, many sports that are not high-speed sports, such as
boxing, wrestling, gymnastics, cycling, etc., would cause certain
damage to the body. This is an interdisciplinary subject involving
biomechanics, clothing materials science, ergonomics, etc. There
are many types of sports injuries and different protection needs,
because some sports are less lethal and lack sufficient research and
focus on. Therefore, in view of the above problems, this paper
researched and developed protective sportswear from the
perspective of anti-collision performance, made up for the
blank of protective sportswear in addition to protective gear,
and provided a basis for improving the safety of popular sports
and competitive sports.

The application of graphene composite fibers to fabrics can
improve various properties of fabrics, which has been studied by
many scholars. Tian et al. (2019) aimed to develop a new type of
knitted seamless structure filter material with high production
efficiency and excellent filtration performance. He developed a
new type of weft-knitted seamless weft-inserted fabric filter
material on an improved circular knitting machine. Wu et al.
(2020) proposed a new modeling method to predict the
deformation of knitted fabrics, that is, to establish a virtual
fiber model, which is used to build a weft knitting model at the
microscopic scale. To study the thermal comfort of tight-knit
knitted running sportswear, Wu et al. (2018) selected several
fibers and vyarns and developed 35 weft knitted fabrics
consisting of five knit structures. Yu et al. (2018) studied new
toughening materials based on graphene, and toughened
polycarbonate was formed by composite short carbon fibers and
graphene sheets. Hessami et al. (2019) has studied the composite
method of graphene on plants. He compared the two methods of
biaxial and rib weft knitting. It can be found that relevant scholars
are very interested in graphene composite fiber materials. They not
only analyze the various performance advantages of graphene
composite fiber materials in detail, but also design more new
materials based on graphene composite fibers. However, there
are not many studies on the application of graphene composite
materials to boxing protective clothing, and the research content is
not enough.

Boxing is a passionate sport and is deeply loved by young and
middle-aged people. There are also many researches on the
protection of boxing training sports injuries. Perkins et al.
(2018) studied boxing gloves that can adequately transmit the
impact force to the opponent, thereby making boxing safer. Since
there have been many cases of intracranial injuries caused by
boxing in the United States in recent years, Wolfe et al. (2021)
evaluated the safety and effectiveness of protective equipment such
as boxing helmets for concussions. Liu et al. (2021) has studied the
damage caused by boxing from a biochemical point of view, and he
believed that glycine can be used to reduce the physical damage
caused by boxing. However, they still focus on the protective effect
of boxing gloves for injury protection in boxing training, and there
are not many studies on the protective performance of body
clothing.

In this paper, according to the advantages of graphene
composite materials, the design and development of impact-
suits were carried out.

resistant boxing Compared with
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traditional seamless fabrics, graphene nylon, graphene spandex
covered silk, and graphene nylon covered silk were used in this

paper.

2 Materials and methods of boxing
protective clothing and sports injuries

2.1 Boxing sports injuries

According to the sports injury rate survey of students in
physical education others, it was found that the probability of
sports injury accounted for 53.86%, which mainly occurred in the
limbs and trunk (Rajesh and Pitchaimani, 2018). Sports injury is
the research content of many disciplines such as medicine, sports
training, sports anatomy, physical education and so on. Medicine
focuses on the prevention and treatment of sports injuries. The
focus of the sports world is to carry out physical training
scientifically to prevent the occurrence of sports injuries.
Physical training, physical education, etc., are working hard to
design a set of scientific training plans and methods to improve and
reduce sports injuries (Liu, 2020).

2.2 Graphene composite fibers in the textile
field

Graphene has a unique hexagonal crystal structure, which
makes it possess many excellent properties (Guo et al., 2020).
Its special properties can make up for the defects of many current
materials. There are two main applications of graphene in textiles,
as shown in Figure 1. One is to combine graphene and fabric by
methods such as coating, dipping, and finishing. The other is a new
fiber material developed based on graphene. The advent of
graphene composites has opened up new avenues for its
application in textiles. Researchers mixed graphene with
fibers, polyamide fibers,
viscose fibers, etc., to make graphene fibers suitable for the
textile field (Pereira et al., 2020).

Seamless knitting technology originated in the 1980s. It uses

polyacrylonitrile polyester fibers,

computers to design the structure and physiological functions of
the human body, and then uses a special seamless knitting
machine to realize production (Ren et al, 2020). The
seamless weaving technology was originally used to make
socks, and later, due to the development and improvement of
seamless weaving technology, it has been widely used in the
fields of boxing suits, swimwear, casual wear, sportswear,
outerwear, medical supplies, and car interior decoration
products. Seamless knitted fabric is a product produced by a
seamless knitting machine. Compared with traditional knitted
fabrics, the biggest feature of seamless knitted fabrics is that
there is no need to cut and sew, so that there are no stitches on
the neck, shoulders, waist, hips, armpits, etc., and it is more
comfortable to wear. In addition, according to the structural
characteristics of the human body, various parts of the clothes
can be designed so that they would be subjected to different
pressures during the wearing process, so as to play a role in self-
cultivation, body shaping and health care.
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FIGURE 1
Graphene used in textiles.

2.3 Comprehensive evaluation method of
fabrics

2.3.1 Entropy weight method

The entropy weight method is an objective weighting method,
and its basic principle is to determine the weight by evaluating the
disorder degree of the evaluation value of the target index and the
amount of reflected information (Morch et al., 2019; Karaoglu and
Alpyildiz, 2021). Information is used to measure the order of a
system; while entropy is used to measure the chaos of the system,
and the absolute quantity of the two is equal, but the sign is just the
opposite. The information entropy of each index can be obtained
by using the entropy weight method. The greater the information
entropy, the greater the chaotic degree of information. That is to
say, the lower the weight of the information utility value or index,
the smaller the impact on the comprehensive performance
evaluation. Conversely, the lower the information entropy, the
weaker the information clutter, and the higher the proportion of
information utility value or index, the more it can affect the overall
performance.

2.3.2 The principle of TOPSIS method

TOPSIS (Technique for Order Preference by Similarity to an
Ideal Solution) is a multi-objective decision-making method. The
basic idea of the TOPSIS method is to sort the relative distance
between the evaluation value of the evaluation target and the
positive and negative targets of the comprehensive evaluation,
so as to measure the pros and cons of its performance. The reason
why the optimal solution is optimal is that all indicators can meet
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graphene composite fiber

Great effect and long
lasting

the best indicators; the worst solution is the worst, that is, all
indicators have reached the worst indicators. When the index
evaluation value of the evaluation target is close to the positive
ideal solution and far from the negative ideal solution, the
performance of the evaluation target is more perfect (Kim,
2018). TOPSIS method avoids the subjectivity of data, does not
need objective function, does not pass the test, and can well
describe the
indicators. There are no strict restrictions on data distribution,

comprehensive impact of multiple impact
sample size and indicators. It is not only suitable for small sample
data, but also for large systems with multiple evaluation units and
multiple indicators. It is more flexible and convenient. However,
other methods cannot meet the requirement, such as GRA. If GRA

must use this method, the system must be gray.

2.3.3 Decision-making steps based on entropy
weight TOPSIS method

In this paper, the entropy weight method is combined with the
TOPSIS method to conduct a comprehensive evaluation of the
fabric, so as to make an objective and effective analysis of the
performance of the fabric.

(1) Determination of the initial decision matrix

The initial evaluation objective and evaluation index are set as
the initial evaluation objective m and the evaluation index n. Each
evaluation index is Xij (i=1,-,m;j=1,--,n),and Xjj represents
the ith evaluation target and the jth evaluation index. The decision
matrix X can be expressed in the following way:
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X1ttt X
X=|: - (1)

Xml " Xmn

In the initial decision matrix, the greater the difference
between the evaluation values of each evaluation index, the
greater the impact of the evaluation index on the
comprehensive evaluation; instead, it would play less of a role.
If the evaluation value of an evaluation index is the same, it
indicates that the index cannot be used for comprehensive
evaluation, and it can be eliminated and included in the

entropy weight (Wang et al., 2022).
(2) Specification of the decision matrix:

In the comprehensive evaluation, the dimensions of various
indicators are different. In order to facilitate comparison, different
standardization methods must be adopted to standardize various
indicators into values belonging to [0, 1].

If the evaluation index is a benefit index and a cost index, the
formulas are:

X;j —min x;;
ij 102X
Vij= (2)
max x,-j — min .X,‘j
1 1
max X;; — X;i;
ax Xij = Xij

j=— 3
Yij max X;; — min x;; 3)
1 1

If the evaluation index is a moderate index, and the optimal
value range is set to [a, a2 j], the following formula can be used:

alj —X,‘j
yij=1- ixij<ay (4
max [alj —min x;j, max x;; - azj]
i i i
yij = Laj<xij<a; (5)
Xii — Qy;
yi=1- j j

1 xij > ag;  (6)
max [alj — min x,-j,max xij - azj]
i i i

The normalized matrix can be expressed as:

Yu o Y
v=|: o 7)

Ym1 " YVon
(3) Simultaneous quantification of each indicator
The relative proportion of the evaluation value of the ith

evaluation object under the jth evaluation index is calculated
using the following formula:

Yij
R = e ®)
2 Vij
i=1
Among them:
Y20, yi; #0 ©)

i=1

It can be represented by a matrix as:
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R=|: - (10)

Ymi " Vi

(4) The entropy value E; of the indicator is calculated:

1 &
E]' = —m;ﬁj lnr,»j (11)
Among them:
rij lnrij =0
S.t. T,‘j =0 (12)

(5) Weights are calculated

First, the coefficient of variance for the jth indicator is calculated:

In the jth index, if all x;; are the same, then E;j = E 5 = 1. At
this time, each evaluation index cannot be used for comprehensive
evaluation and would not affect the score (Da Silva and Cecilia,
2022). When the difference is large, the size of the index becomes
smaller, indicating that the index has a greater impact on the
comprehensive evaluation, thus determining the weight of each
indicator.

According to the entropy value, the weight of the jth indicator is
calculated:

w; = 2 (14)
>d;
j=1
dw;=1 (15)
j=1

(6) The construction of the weighted normalization matrix:

In the comprehensive evaluation, the weights of each index are
different. It is necessary to consider the entropy weight of each
index, weight each index, establish a weight standardization matrix,
and use the following formula:

V,‘j = U)j?’,‘j (16)
It can be represented by a matrix as:

Vit 7 Vin
V=] o (17)

Vml " Vmn

(7) Positive ideal solution p* and negative ideal solution p~ are
determined:

O MR RS

(8) The distance is calculated:
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Ordinary nylon

FIGURE 2

Graphene nylon

Electron microscope photos of ordinary nylon and graphene nylon. (A) Ordinary nylon. (B) Graphene nylon.

To calculate the distance between the evaluation object and the
positive and negative ideal solutions, the following formulas are
used, respectively:

4= \2lu-of @
J

= \2 -p] @)

(9) The relative proximity index C; is calculated:

The relative proximity of the evaluation object to the ideal
solution is:
d;
C = i 22
df +d; (22)

According to the calculation result of relative proximity C;, the
evaluation objects are sorted. The larger the C;, the better the
comprehensive performance of the ith evaluation object.

3 Preparation of graphene composite
fiber seamless knitted fabric

3.1 Establishment of the sample scheme of
graphene composite fiber seamless knitted
fabric

This paper focuses on the structure and properties of graphene
composites, and compares the appearance of graphene nylon with
conventional nylon. The properties of graphene nylon, graphene
nylon/graphene amino spandex coated yarn, graphene nylon
spandex coated yarn, nylon, and nylon coated yarn were
compared, and analyzed from the aspects of moisture absorption
and tensile fracture. It provides a reference for further exploring the
properties of seamless knitted fabrics. Graphene also has good
impact properties.

Frontiers in Materials

Experimental equipment: JSM-5610LV scanning electron
microscope, conductive glue, collodion, etc.

Experimental procedure: Before the test, the samples were
wetted in standard temperature and humidity for 24h, then
coated with conductive glue, and then observed with a JSM-
5610LV scanning electron microscope. Figure 2 shows the results
of the test, wherein Figure 2A is a common nylon, and Figure 2B is a
graphene nylon.

It can be seen from Figure 3 that the surface of conventional
nylon fiber is smooth and flat, while compared with conventional
nylon, a large number of particles adhere to the surface of
graphene nylon fiber, which makes the surface of the fiber
rougher.

The organizational structure of the fabric has a great influence
on the performance of the fabric. It would not only affect the
appearance quality of the fabric, but also have a certain impact
on the fluffing, pilling, air permeability and moisture permeability of
the fabric. Single jersey seamless knitting machines usually knit two
yarns at the same time, a face yarn and an inner yarn, as shown in
Figure 3. Usually, the knitted of plain knitted yarn is more common,
as shown in Figure 3A, and the knitted of false rib is shown in
Figure 3B.

The purpose of this paper is to explore the effects of veil
material, lining material and tissue structure on the function
and wearability of fabrics. Orthogonal experimental design
method was adopted, and representative factors and grades
were selected according to the comparability of the
dispersion characteristics and integrity of the samples. This
method not only has good representativeness, but also can
greatly reduce the experimental workload, save materials and
save time. The raw materials of a veil are divided into three
aspects: A veil raw materials, B veil raw materials, and C
organizational structure. A veil raw materials are divided
into two grades: Graphene nylon and ordinary nylon; B
grade inner yarn raw materials are divided into three types:
Graphene nylon Graphene-coated yarn, graphene-nylon-coated
yarn, and common nylon-coated yarn; C-type knitted is divided
into three levels: Plain stitch yarn-enhancing knitted, 1 + 1 false
rib knitted, and 1 + 3 false rib knitted.
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A
1+1 false rib 1+2 false rib
2+2 false rib 1+3 false rib
Plain stitch plated weave False rib weave
FIGURE 3

Fabric structure. (A) Plain stitch plated weave. (B) False rib weave.

FIGURE 4
Image of the actual fabric during the study.

The image of the actual fabric during the study is shown in
Figure 4.

Since the yarn raw material in factor B and the organizational
structure of factor C are all three-level, and the raw material of A has
only two levels. Therefore, the orthogonal matrix method is used to
repeat the 70 D/48 F graphene nylon in the A factor as the third level.
The details are shown in Table 1.

Combined with various factors and levels, nine experimental
samples were knittedd, and the specific sample specifications are
shown in Table 2.

Frontiers in Materials

TABLE 1 Orthogonal design table of sample.

1 1 1 1

2 1 2 2
3 1 3 3
4 2 1 2
5 2 2 3
6 2 3 1
7 1 1 3
8 1 2 1
9 1 3 2

According to the basic parameters of the fabric, the thickness
and gram weight of nine samples were measured, which provided a
reference for the analysis of the fabric properties in the future. The
fabric samples were measured using a digital fabric thickness gauge,
and each sample was tested 10 times and averaged to determine the
fabric thickness. A fiber sample of 10 by 10 mm was weighed with an
electronic scale, the gram weight was calculated, five measurements
were made for each sample, and the average value was taken. Specific
test results are shown in Table 3.

3.2 Functional evaluation of graphene
composite fiber seamless knitted fabric

This paper focuses on the functions of graphene seamless
knitted fabrics, especially far-infrared, anti-static, anti-ultraviolet,

frontiersin.org
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TABLE 2 Specifications of each experimental sample.

10.3389/fmats.2023.1098652

Sample No A veil raw material B Lining material C organizational structure
#1 70D/48F graphene nylon 30D graphene spandex/70D graphene nylon covered yarn Plain needle plated knitted
#2 70D/48F graphene nylon 30D ordinary spandex/70D graphene nylon covered yarn 1 + 1 fake rib knitted
#3 70D/48F graphene nylon 30D ordinary spandex/70D ordinary nylon covered yarn 1 + 3 fake rib knitted
#4 70D/48F ordinary nylon 30D graphene spandex/70D graphene nylon covered yarn 1 + 1 fake rib knitted
#5 70D/48F ordinary nylon 30D ordinary spandex/70D graphene nylon covered yarn 1 + 3 fake rib knitted
#6 70D/48F ordinary nylon 30D ordinary spandex/70D ordinary nylon covered yarn Plain needle plated knitted
#7 70D/48F graphene nylon 30D graphene spandex/70D graphene nylon covered yarn 1 + 3 fake rib knitted
#8 70D/48F graphene nylon 30D ordinary spandex/70D graphene nylon covered yarn Plain needle plated knitted
#9 70D/48F graphene nylon 30D ordinary spandex/70D ordinary nylon covered yarn 1 + 1 fake rib knitted

TABLE 3 Fabric density, thickness and weight.

Sample No Thickness (mm) Weight (g)
#1 0.92 283.13
#2 123 379.24
#3 1.64 398.53
#4 1.23 384.05
#5 1.67 400.19
#6 0.95 290.45
#7 1.73 386.73
#8 0.99 335.71
#9 112 325.09

etc. On this basis, the factors such as raw material and organizational
structure are analyzed.

The far-infrared radiation was measured by EMS-302M far-
infrared reflectivity tester. The test refers to FT/T64010-2000
(Ghazanlou et al., 2021). First, each fiber sample was cut into a
size of 2mm x 2mm, and then it was tested for far-infrared
radiation with a far-infrared reflector. Three tests were carried
out on different samples, respectively, and the average value was
calculated to obtain their far-infrared radiation coefficient. Each
fiber sample was cut into a size of 4 mm x 6 mm, placed at 18 °C and
38% relative humidity, and equilibrated for 6 h, and the half-life of
the sample was measured by an instrument. Three tests were
performed on different samples, and the average value was
calculated to obtain the half-life of the sample. The results are
shown in Figure 6A:

The test refers to GB/T18830-2009. First, the samples were cut
into five pieces, and the samples were placed in a dry place for 24 h
under certain temperature and humidity conditions. Under the test
conditions of 290-400 nm band and 1 nm wavelength interval of
1 nm, various samples were heated for 30 min and 5 times for each
test, and the average value was taken. In Figure 5B, the UVA, UVB
transmittance and Ultraviolet Resistance Factor (UPF) values for
each fabric are shown.

Frontiers in Materials

As shown in Figure 5A, the No. 7 fabric has the highest
infrared emissivity and the shortest half-life, indicating that the
No. 7 fabric has better far-infrared and antistatic properties. From
Figure 5B, it can be found that, except for the fabric No. 6, which
has poor UV resistance, other fabrics have good performance in
UV resistance.

3.3 Wearability of graphene composite fiber
seamless knitted fabrics

3.3.1 Wrinkle recovery of fabrics

When clothing is worn and stored, due to external forces such
as friction and extrusion, the fabric would be wrinkled, which
would affect the appearance of the product. The shrinkage rate of
the fabric refers to the recovery performance of the fabric after
being affected by external forces. The wrinkle recovery angle is an
index to measure the wrinkle recovery rate of the fabric. The larger
the wrinkle recovery angle, the better the wrinkle recovery ability,
and vice versa.

Each fabric was cut with five convex specimens in the
transverse and longitudinal directions. After 24h under
certain temperature and humidity conditions, the elastic
recovery angle on the fabric crease was measured and the
average value was taken. The wrinkle recovery test for each
fabric is shown in Figure 6.

By comparing Figures 6A, B, it can be found that in the
transverse direction, the recovery angles of the elastic and slow
elastic folds of the fibers are larger than those in the longitudinal
direction, indicating that the shrinkage rate of the fabric in the
transverse direction is relatively good.

3.3.2 Analysis of water permeability, breathability,
and moisture absorption of fabrics

The hygroscopicity of fabrics is an important index to measure
the comfort of fabrics, and it is also the key to affecting fabric
processing and dyeing and finishing processes. Moisture
permeability refers to the water penetration characteristics
through fibers, which has a great influence on the comfort of

fabrics. The body releases a large amount of water vapor during

frontiersin.org


https://www.frontiersin.org/journals/materials
https://www.frontiersin.org
https://doi.org/10.3389/fmats.2023.1098652

Liu 10.3389/fmats.2023.1098652
A
100
90 |
80 |
70
60 |
5
-]
= 50
<
>
40
30 F
20
o k”"“‘\t———‘/‘\.——*—-——‘
#1 #2 #3 #4 #5 #6 #7 #8 #9
Fabric Sample
—¥—Far infrared emissivity(%)  —&— Half-life(s)
B Far-infrared and antistatic properties of fabrics
7 600
or 500
5 L
400
m4 T m
2 300 3
= R
>3 | >
200
2 L
L 100
0 L—= & —— s : —a x| 9
#1 #2 #3 #4 #5 #0 #1 #8 #9
Fabric Sample
—¥—UVA(nm) —&—UVB (nm) UPF (nm)
UV resistance of fabrics
FIGURE 5

Functional test results of the fabric. (A). Far-infrared and antistatic properties of fabrics. (B). UV resistance of fabrics.

exercise, and these water vapor cannot be transported into the
surrounding air in time, which would cause discomfort. The
property of the air passing through the fiber is called “the
breathability of the fabric”, which is directly related to the
comfort and hygiene of the fabric. Therefore, it is necessary to
ensure that the fabric has a certain air permeability, and can
discharge the exhaust gas in the human skin in time, so that
the clothes can be kept clean and comfortable. Air permeability is
an indicator that can reflect its air permeability. The higher the air

Frontiers in Materials 08

permeability, the better the air permeability; on the contrary, the
air permeability of the fabric is poor. The fabrics were tested in
these three aspects according to the standard, and the experimental
results are shown in Figure 7:

It can be found from Figure 8 that the moisture absorption
performance of the No. 7 fabric is the first, and the air permeability is
the second. This shows that the No. 7 fabric has better wearing
performance, and has better performance in water permeability,
breathability and moisture absorption.
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FIGURE 6

Test results of fabric wrinkle recovery. (A). Rapid elasticity. (B). Slow elasticity.

3.3.3 Anti-pilling of fabrics

When textiles are used and washed, they rub against other
objects, resulting in fuzzing and blistering on the surface of the
fabric, which affects the appearance, feel and luster of the fabric.
Therefore, the anti-puffing performance of the fabric is also a
good evaluation index. First, the samples were cut to a diameter
of about 113 mm and placed in a standard temperature and
humidity hanger for 24 h. After the test, the fabric samples

Frontiers in Materials

were scored in the evaluation box, 5 times for each sample,
and the average value was taken. The results are shown in
Figure 8.

As shown in Figure 8A, the veils of the three fabrics 4, 5, and six
were common materials and were rated 4.5 on the anti-pilling ball.
As shown in Figure 8B, in the orthogonal experiment, it can be
found that the performance of the veil is directly related to the anti-
pilling performance.
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Experimental results of water permeability, air permeability and
moisture absorption of fabrics.

3.4 Comprehensive evaluation of fabrics

Based on the data obtained from the experiment, this paper
conducts an evaluation study on the relevant performance
indicators. The specific experimental test data is shown in
Figure 9, in which Figure 9A shows the data of X1, X2, X3, and
X9; Figure 9B shows the raw data of five aspects of X4, X5, X6, X7,
and X8.

According to the decision-making steps based on the entropy
weight TOPSIS method, the comprehensive performance evaluation
of the fabric is carried out. The calculated index results are shown in
Table 4:

The relative proximity can be calculated from the indicators in
Table 4 according to Formula 22, and the results are shown in
Table 5:

It can be seen from Table 5 that the No. 7 fabric has the best
has better wearability, and has the highest
Therefore, the best fabric veil is 70D/

performance,
comprehensive evaluation.

10.3389/fmats.2023.1098652

48F graphene nylon, the inner yarn is 30D graphene spandex/70D
graphene nylon covered silk, and the knitted structure is 1 + 3 false
rib knitted.

4 Design and development of
protective sports clothing

4.1 Investigation content and object

The questionnaire includes sports injuries and design
preferences. Sports injury status includes the number of injuries,
vulnerable parts, types, etc., and clothing design preferences include
clothing function, color, style, and other issues. This paper selects
male members of Jiangxi Boxing Association and online boxing
forums as research objects, which has strong pertinence,
professionalism and credibility. A survey of 20 fighters

participating in boxing matches was conducted.

4.2 Investigation and evaluation on boxing
suits

According to statistics about injuries suffered since participating
in boxing matches, 20 respondents were injured to varying degrees,
and all of them were injured 5 times or more. 100% of those surveyed
said that injuries are possible in boxing. This is because boxing is a
kind of fighting, often hitting opponents with fists, so there is a high
chance of injury.

In the investigation of injured parts after participating in a
boxing match, 20 people were injured in the head, chest, waist,
abdomen, finger joints and other parts. Among them, the proportion
of head, face and chest is the highest, 75% and 70%, respectively.
This is because in boxing, if there is no obstruction, the punch would
hit the opponent’s head or the front or side of the waist to score.
Therefore, the main target of attack is the head and forequarters,
which is easy to cause sports injuries. In boxing competitions, in
order to reduce the degree of physical injury, when developing
boxing clothing, attention should be paid to the chest, waist,
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FIGURE 8
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Test results of anti-pilling function. (A) Anti-pilling test results. (B) The relationship between the anti-pilling series and the level of each factor.
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FIGURE 9

Wearing properties of fabrics. (A) Fabric pull resistance. (B) Fabric chemical properties.

abdomen and other parts. Among them, Figure 10A shows the
injury situation of the upper body, and Figure 10B shows the injury
situation of the lower body.

In the investigation of the causes of injuries after participating in
boxing, the causes of injury among the 20 subjects include technical
factors, partial loads, insufficient preparation activities, physical
fitness factors, etc., as shown in Table 6.

In addition, 14 respondents said that sports injuries would affect
their lives and work, and the proportion is as high as 70%. Among
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the 20 subjects surveyed, 17 chose to use protective equipment and
had a good awareness of protection. 80% agreed that protective
gloves must be worn.

4.3 Boxing suit design

According to the use characteristics of the above-mentioned test
samples, combined with the investigation of boxers, a seamless
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FIGURE 10
Statistics of injured parts. (A) Upper body. (B) Lower body.

protective boxing suit that conforms to the shock resistance of the
human body and is comfortable to wear is developed. Through the
test and data analysis of the previous fabric wearing performance,
the wearing characteristics of the test fabric are studied, so as to
provide a basis for the design of sports apparel fabrics. Through the
investigation and analysis of the sports injuries of boxers, the
vulnerable parts are found out, so as to provide the basis for the
design of the anti-collision parts of sports clothing. Through the
investigation on the preference of boxer sportswear, the style, style
and color of the boxer are researched, and the appearance design is
guided. Because boxing suits are mostly tights, in the design and

Frontiers in Materials

development, attention should be paid to the functionality and
comfort of the clothing, as well as the aesthetics.

Based on the performance analysis of the graphene composite
material described above, the comprehensive wear performance of
the graphene fabric was obtained, and the No. 7 fabric was the best.
This article uses No. 7 fabric as the main fabric (Uyor et al., 2022).

According to the sports injury survey, boxers are most
vulnerable to impact injuries during boxing training in the lower
back and back. The chest and abdomen are second, and the thighs
and shoulders are less. Therefore, the front, back waist and trouser
legs of boxing suits use spaced 1 + 3 false rib knitted, which has the
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TABLE 4 Index calculation results.

Step Index Result

4 E; (0.834 0.899 0.923 0.934 0.934 0.837 0.886 0.811 0.832)

5 d; (0.166 0.101 0.077 0.066 0.066 0.163 0.114 0.188 0.168)
w; (0.150 0.091 0.069 0.060 0.059 0.147 0.103 0.170 0.151)

7 Pt (0.150 0.091 0.069 0.060 0.060 0.147 0.103 0.170 0.151)
I (00000000 0)

8 d; (0.030 0.027 0.027 0.013 0.012 0.006 0.027 0.031 0.040)
d; (0.028 0.026 0.021 0.039 0.031 0.040 0.017 0.025 0.006)

TABLE 5 Evaluation results.

Evaluation object C; Ranking

#1 0.485 5

#2 0.493 4

#3 0.442 7

#4 0.758 2

#5 0.712 3

#6 0.383 8

#7 0.862 1

#8 0.446 6

#9 0.137 9

TABLE 6 Statistics of injury types.
Reason Number of people  Percentage

Insufficient preparation activities 8 0.4
Locally overburdened 11 0.55
Technical factors 14 0.7
Venue equipment reasons 2 0.1
Physical fitness factor 7 0.35
Psychological factors 6 0.3
Insufficient self-protection 5 0.25
Not wearing protective gear 3 0.15
High-intensity training 2 0.1
Lack of relaxation 3 0.15
Exercise fatigue 4 0.2
Injury training 3 0.15

best shock-proof protection. This boxing suit also has a separating
decorative line, which has good moisture permeability, breathability
and moisture absorption, and can greatly improve the wearability of
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TABLE 7 Subjective comfort evaluation results.

Grade

Impact boxing suit/
person

Ordinary boxing suit/
person

2 15 13
3 10 12
4 5 9
5 0 2

the clothes. In addition, the crotch is made of tight fabric with high
strength and high fastness. The collar, cuffs, and trousers are all
closed with a ring structure, and the double-layered tie makes it
more compact and not easy to deform.

The boxing clothing developed in this paper must be verified by
subjective comfort evaluation. In this paper, the overall comfort of
clothing is discussed using field tests and subjective assessments. The
test samples were made of size M boxing clothes, compared with
ordinary size M boxing clothes, and tested by athletes for subjective
comfort evaluation. The subjective comfort was assessed on a five
scale: 5 (very comfortable), 4 (comfortable), 3 (average), 2 (average),
and 1 (uncomfortable). Through the questionnaire survey, the
number of materials selected by different levels of players in the
subjective comfort evaluation of boxing suits is obtained, as shown
in Table 7.

As can be seen from Table 7, the comfort of shockproof boxing
suits is better than that of general boxing suits. In the three grades,
the boxing clothing material in this paper is higher than that in the
ordinary materials, but in the fourth and fifth grades, the ordinary
boxing clothing material is higher than that in this paper. According
to the subjective comfort evaluation results in Table 7, the comfort of
ordinary boxing suit in human impact boxing suit is significantly
worse than that of the materials selected in this paper. Therefore, In
short, there is no significant difference in comfort between the
shockproof suit developed in this paper and the general boxing suit,
and its comfort level is even higher than that of ordinary boxing
suits, and the shockproof and defensive suit developed in this paper
is stronger, which proves its practicality.

Of course, the impact of cost on boxing clothing materials
cannot be ignored. Due to the limited space of the article, this
paper will focus on comparing the impact of the cost of different
materials on boxing clothing materials in future research.

5 Conclusion

In this paper, the orthogonal test method is used to study the
influence of the material, material and structure of the veil on the
properties of the fabric. Finally, according to the characteristics of
boxing injuries, a graphene composite fiber seamless boxing suit
with excellent impact resistance was developed. However, this article
also has shortcomings. First of all, cost comparison is the blind spot
of this paper. Secondly, the number of samples selected in this study
is limited, and the results may not be representative. In the future,
the research scope will be expanded to make contributions to the
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application of graphene composite fiber seamless knitted fabric in
boxing clothes.
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